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Present  study  was  performed  to  determine  the  association  between  drought  and  yield  related  traits  in  F2  population 
of  Moroberekan/IR64  rice  cross.  Results  showed  that  harvest  index  (r  =  0.30),  biomass  yield  (r  =  0.78),  panicle  weight 
(r  =  0.58),  panicle  length  (r=  0.34)  and  number  of  productive  tillers  plant"1  (r  =  0.62)  correlated  significantly  with  grain 
yield,  while  grain  yield  was  negatively  associated  with  leaf  rolling  (r=  -0.19).  Path  coefficient  analysis  revealed  that 
harvest  index  and  biomass  had  direct  effect  on  grain  yield  (0.320  and  0.566  respectively).  The  results  obtained  during 
present  investigation  revealed  that  harvest  index,  biomass  yield,  number  of  productive  tillers  plant"1  and  leaf  rolling  could 
be  used  as  selection  criteria  for  high  grain  yield  and  drought  resistance  in  segregating  populations  of  rice. 


Rice  (Oryza  sativa  L.)  is  the  world's  most  important  food  crop  and  energy  source  for  about  half  of  the  world's 
population  and  ranks  second  in  production  after  maize.  In  India  rice  has  covered  43.65  million  hectare  area  with  the 
production  and  productivity  of  105.30  million  tones  and  2372  kg/hectare  respectively  (DES,  2011-12).  Moreover  it  is  the 
most  important  grain  with  regard  to  human  nutrition  and  caloric  intake,  providing  more  than  one  fifth  of  the  calories 
consumed  worldwide  by  the  human  species.  It  plays  a  very  important  role  in  the  food  security  of  many  nations  (Khush 


Rice  is  unique  in  its  ability  to  grow  in  a  wide  range  of  hydrologic  environments.  Rice  is  cultivated  in  several 
ecosystems  like  upland,  rainfed  lowland,  flood  prone,  and  irrigated.  It  frequently  faces  abiotic  stresses  in  all  these 
ecosystems  except  irrigated  ecosystem.  Rainfed  upland  and  rainfed  lowland  ecosystems  contribute  only  21%  of  the  total 
production  from  38%  of  the  cropped  area.  Drought  limits  the  rice  production  by  preventing  it  from  expressing  their  full 
genetic  potential.  Grain  yield  can  be  drastically  reduced  if  drought  stress  occurs  during  flowering.  Worldwide, 
drought  affects  approximately  23  million  ha  of  rainfed  rice.  Among  different  rainfed  regions,  eastern  India,  with  around 
13.6  million  ha  of  drought-prone  area,  is  the  largest. 

The  global  reduction  in  rice  production  due  to  drought  averages  18  M  t  annually  (OToole,  2004).  In  India  severe 
drought  has  witnessed  during  2002  and  2009  caused  a  significant  yield  reduction  in  rice.  In  2002  compared  to  the  previous 
year,  rice  production  fell  by  21.5  million  tons,  whereas  drastic  reduction  in  total  rice  production  from  99.4  million  tonnes 
in  2008-09  to  89.1  million  tonnes  in  2009-10,  total  rice  production  declined  by  approximately  10.02  million  tons 
(Anon.,  2010). 

Phenotypic  correlation  of  grain  yield,  yield  and  drought  related  traits  provide  the  information  on  magnitude  and 
direction  of  association  (Sunderraj  et  al.  1972).  This  information  of  association  of  various  traits  with  yield  and  drought 
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tolerance  in  early  segregating  generation  would  help  immensely  to  continue  selecting  plants  that  are  strongly  related  to 
yield  and  drought  tolerance  in  next  generation.  Path  coefficient  analysis  is  a  standardized  partial  regression  coefficient  that 
measures  the  direct  influence  of  one  trait  upon  another  and  permits  the  separation  of  correlation  into  components  of  direct 
and  indirect  effects  (Board  et  ai,  1997).  It  provides  information  of  influence  of  each  trait  on  yield  under  drought  stress 
directly  and  indirectly  and  enable  the  breeders  to  prioritize  the  genetic  attributes  according  to  their  contribution. 

Therefore,  the  present  study  was  conducted  to  evaluate  the  response  of  F2  segregating  population  under  low 
moisture  stress  condition  for  yield  and  drought  related  characters  and  to  find  out  all  the  morphological  parameters  and 
drought  related  traits  that  are  more  effective  in  favor  of  plant  under  low  moisture  stress. 

MATERIAL  AND  METHODS 

With  the  intention  of  combining  deep  rooted  nature  and  drought  tolerant  characters  of  Moroberekan,  a  japonica 
variety  with  the  high  yielding  ability  of  IR64,  an  indica  variety,  crossing  was  conducted  between  Moroberekan  and  IR64 
during  dry  season  2011.  Fj's  were  confirmed  by  SSR  marker  and  true  F,'s  were  selfed  during  kharif  2011.  F2  seeds  were 
used  for  sowing  in  the  nursery  during  dry  season  2012.  Twenty  eight  days  seedlings  of  F2  population  of  Moroberekan/IR64 
of  size  250  were  transplanted  along  with  their  parents  and  drought  resistant  check  Azucena  and  susceptible  check  IR50 
during  dry  season  2012. 

The  experiment  was  conducted  in  K  block,  UAS,  GKVK,  Bangalore,  representing  the  eastern  dry  zone  which  is 
located  at  the  latitude  of  12°  58'  North;  longitude  77°  35'  East  and  altitude  of  930  meters  above  mean  sea  level.  Spacing 
maintained  for  F2  individuals  was  25cm  X  25cm,  one  plant  per  hill  was  maintained.  Recommended  cultural  practices  for 
aerobic  rice  were  carried  out  grow  the  crop  (www.aerobicrice.org).  Fertilizer  was  applied  at  the  rate  of  100  (N):  50  (P):  50 
(K):  20  (Zn):  12  (Fe)  kg/ha,  respectively.  Irrigation  was  given  once  in  three  days  for  the  crop  under  aerobic  condition. 

Low  moisture  stress  was  induced  during  the  transition  period  of  vegetative  stage  to  reproductive  stage  by 
withholding  irrigation  between  70th  to  90th  days  after  sowing  and  during  the  stress  period  rainfall  has  not  occurred. 
Scoring  for  drought  symptoms  (leaf  rolling)  was  made  on  last  day  of  stress  period. 

Phenotypic  observations  were  made  on  morphological,  grain  yield  and  drought  related  traits  are  listed  in  table  1 . 

The  plant  height  was  recorded  six  times  on  each  F2  individual  plant  at  different  interval  of  time  during  vegetative 
growth  stage  up  to  stabilization  of  plant  height.  Plant  vigor  was  calculated  by  following  the  compound  growth  rate  formula 
(Sikka  and  Vaidya,  1985)  by  considering  all  six  plant  heights.  Leaf  rolling  and  culm  angle  was  scored  as  per  the  Rice 
Standard  Evaluation  System  (IRRI,  2002).  Phenotypic  correlation  coefficient  was  computed  by  using  the  formula  given  by 
Sunderraj  et  al.  (1972)  and  path  analysis  was  performed  by  following  the  method  suggested  by  Dewey  and  Lu  (1959). 

RESULTS  AND  DISCUSSIONS 

The  degree  of  association  among  the  characteristics  is  an  important  factor,  particularly  yield,  complex  character, 
show  low  effectiveness  to  direct  selection.  Hence  association  analysis  was  carried  out  to  determine  the  direction  of 
selection  and  number  of  characters  to  be  considered  in  improvement  of  grain  yield.  Phenotypic  correlation  coefficients 
among  all  traits  were  estimated  in  F2  population  derived  from  Moroberekan/IR64  rice  cross. 

Association  between  grain  yield  per  plant  and  its  component  characters  are  revealed  as  follow.  Grain  yield 
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exhibited  strong  significant  positive  association  with  number  of  productive  tillers  per  plant  (0.62)  (Vaishali,  2003), 
panicle  weight  (0.56),  biomass  yield  (0.78)  and  total  tiller  number  (0.45)  and  showed  moderate  significant  positive 
association  with  harvest  index  (0.30),  panicle  length  (0.34),  test  weight  (0.24),  number  of  spikelets  per  panicle  (0.34), 
plant  height  (0.38)  and  leaf  width  (0.23)  (Bagali,  et  al,  1999;  Girish,  2006;  Gupta  et  al,  1999;  Kiani  and  Nematzadeh, 
2012).  Grain  yield  per  plant  has  shown  non-significant  negative  association  with  days  to  flowering  (-0.07)  and  days  to 
maturity  (-0.04).  Whereas,  association  ship  of  grain  yield  with  drought  related  traits  under  low  moisture  stress  exhibited 
significant  negative  correlation  with  leaf  rolling  (-0.19),  significant  positive  correlation  with  spikelet  fertility  (0.31)  and 
panicle  exsertion  (0.225)  (Muthuramu  et  al,  2010;  Venkataramana  et  al.,  1999;  Zulqarnain  et  al,  2012)  and  no  significant 
correlation  with  plant  vigor. 

This  result  clearly  suggests  that,  priority  should  be  given  to  number  of  productive  tillers  per  plant,  panicle  weight, 
biomass  yield  and  total  tiller  number  followed  by  other  associated  traits  while  making  selection  for  yield  improvement. 
Leaf  rolling  is  the  most  important  criteria  found  useful  in  assessing  levels  of  drought  tolerance  in  large  scale  screening 
(Chang  et  al.,  1974).  Therefore  selection  for  high  grain  yield  per  plant  with  high  spikelet  fertility  and  lower  leaf  rolling 
under  low  moisture  stress  is  useful  to  get  drought  tolerant  genotypes.  The  relationship  between  yield  and  its  main 
contributing  traits,  in  segregating  population  of  rice,  has  been  studied  by  several  researchers  (Basavaraj  et  al.,  1997;  Kumar 
et  al,  2009;  Reddy  and  Ramachandraiah,  1990;  Surek  and  Beser,  2005;  Venkataramana  and  Shailaja,  1999; 
Venkataramana  and  Shailaja,  2000;  Yogameenakshi  and  Vivekanandan). 

Plant  height  exhibited  significant  positive  association  with  panicle  length  (0.58),  panicle  weight  (0.51), 
biomass  yield  (0.42)  and  test  weight  (0.39),  plant  vigor  (0.23)  (Shivapriya,  2004).  Days  to  flowering  exhibited  significant 
positive  association  with  days  to  maturity  (0.88)  while,  it  showed  significant  negative  association  with  spikelet  fertility 
(-0.28)  and  number  of  productive  tillers  (-0.25).  Number  of  productive  tillers  showed  significant  positive  association  with 
biomass  yield  (0.65)  and  spikelet  fertility  (0.23).  Panicle  length  showed  significant  positive  association  with  biomass  yield 
(0.39)  and  test  weight  (0.25)  (table  2).  From  the  above  result  it  has  observed  that  biomass  has  associated  with  many  other 
yield  attributing  traits  (Shivapriya,  2004),  so  we  can  consider  biomass  yield  as  major  criteria  while  selection  for  grain 
yield. 

Leaf  rolling  recorded  significant  positive  association  with  days  to  flowering  (0.15)  and  days  to  maturity  while, 
it  exhibited  significant  negative  correlation  with  total  tiller  number  (-0.19),  productive  tiller  number  (-0.24)  and  biomass 
yield  (-0.26)  (Selvaraj  et  al,  2010).  This  clearly  indicates  leaf  rolling  decreases  yield  potential  of  the  genotypes  under  low 
moisture  condition  via  delayed  flowering,  lower  total  tillers  and  productive  tiller  numbers  and  biomass  yield. 
With  the  assumption  of  negative  association  between  leaf  width  and  leaf  rolling,  correlation  study  was  carried  out,  but 
result  was  no  correlation. 

Panicle  exsertion  exhibited  significant  positive  correlation  with  productive  tiller  number  (0.16),  biomass  yield 
(0.23),  panicle  weight  (0.21),  panicle  length  (0.25),  spikelet  fertility  (0.34)  and  plant  vigor  (0.17)  and  negatively  correlated 
with  days  to  flowering  (-0.24)  and  culm  angle  (-0.15).  It  has  been  reported  that  drought  stress  applied  at  the  beginning  of 
the  reproductive  stage  usually  results  in  a  delay  in  flowering  (Saini  and  Westgate,  2000)  this  is  mainly  due  to  slowed 
elongation  of  the  panicle  and  supporting  tissues  (Lafitte  et  al,  2004).  Slow  panicle  elongation  means  that  anthesis  may 
occur  while  part  of  the  panicle  is  still  within  the  leaf  sheath,  unexerted  spikelets  will  be  sterile  (Ji  et  al,  2005). 
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Therefore  greater  the  delay  in  flowering,  the  greater  the  yield  reduction  due  to  drought.  Hence  current  correlation  study 
indicates  that,  early  flowering  will  have  better  panicle  exsertion  which  in  turn  increases  spikelet  fertility,  panicle  weight 
and  finally  grain  yield  per  plant  (0.225)  under  drought  condition,  which  is  in  agreement  with  the  above  statements  made  by 
various  researchers.  Plant  vigor  exhibited  significant  positive  association  with  days  to  flowering  (0.26)  days  to  maturity 
(0.24),  panicle  length  (0.15)  while,  it  showed  negative  association  with  tiller  number  (-0.15)  and  number  of  spikelets  per 
panicle  (-0.13).  Spikelet  fertility  exhibited  significant  positive  association  with  bio  mass  yield  (0.18)  and  harvest  index 
(0.23).  Result  suggest  that,  breeder  can  make  selection  for  drought  resistance  genotypes  in  further  generation  by 
considering  leaf  rolling,  panicle  exsertion  and  spikelet  fertility  as  a  main  criteria. 

Estimates  of  Direct  and  Indirect  Effects  of  Yield  Attributing  Characters 

Path  coefficient  analysis  of  yield  components  revealed  that  number  of  productive  tillers  per  plant  showed  positive 
direct  effect  of  0.219  on  grain  yield  per  plant  (table  3).  However,  it  showed  strong  positive  indirect  effect  via  biomass  yield 
(0.373)  and  negative  indirect  effect  via  tiller  number  (-0.032)  and  panicle  length  (-0.006)  on  grain  yield  per  plant, 
bringing  the  total  correlation  to  0.628.  Results  on  importance  of  direct  effect  of  panicles  per  plant  were  reported  by  several 
researchers  (Bagheri  et  al,  2011;  Gupta  et  al,  1999;  Kumar,  1992;  Madhavilatha  et  al,  2005;  Shivapriya,  2004; 
Yadav  and  Bhushan,  2001;  Yogameenakshi  and  Vivekanandan,  2010). 

Plant  height  exhibited  positive  direct  effect  of  0.044  on  grain  yield  per  plant.  However,  it  showed  strong  positive 
indirect  effect  via  biomass  yield  (0.236),  panicle  weight  (0.108),  and  negative  indirect  effect  via  panicle  length  (-0.046), 
harvest  index  (-0.028)  and  panicle  exsertion  (-0.002)  on  grain  yield  per  plant.  Phenotypic  correlation  (0.386)  between  yield 
per  plant  and  plant  height  was  highly  positive.  It  indicates  that  plant  height  would  not  be  reliable  criteria  for  improving 
yield  per  plant  (table  2). 

Total  tiller  number  exhibited  negative  direct  effect  of  -0.042  on  grain  yield  per  plant.  However,  it  showed  strong 
positive  indirect  effect  via  biomass  yield  (0.333),  number  of  productive  tillers  per  plant  (0.164)  and  negative  indirect  effect 
via  panicle  length  (-0.003)  and  test  weight  (-0.003)  on  grain  yield  per  plant.  Phenotypic  correlation  (0.452)  between  yield 
per  plant  and  total  tiller  number  was  highly  positive.  It  indicates  that  total  tiller  number  would  not  be  reliable  criteria  for 
improving  yield  per  plant  (table  2). 

Panicle  weight  showed  positive  strong  direct  effect  of  0.210  on  grain  yield  per  plant  (Bagali  et  al,  1999). 
However,  it  showed  strong  positive  indirect  effect  via  biomass  yield  (0.243),  spikelet  fertility  (0.028),  number  of  spikelets 
per  panicle  (0.027)  and  negative  indirect  effect  via  panicle  length  (-0.043)  and  panicle  exsertion  (-0.001)  on  grain  yield  per 
plant.  Phenotypic  correlation  (0.561)  between  yield  per  plant  and  panicle  weight  was  highly  positive  (table  2).  It  indicates 
that  panicle  weight  may  be  used  as  a  reliable  criteria  for  improving  yield  per  plant. 

Panicle  length  showed  negative  direct  effect  of  -0.078  on  grain  yield  per  plant.  However,  it  showed  strong 
positive  indirect  effect  via  biomass  yield  (0.223),  panicle  weight  (0.116),  number  of  productive  tillers  (0.04)  and  negative 
indirect  effect  via  harvest  index  (-0.015)  and  panicle  exsertion  (-0.001)  on  grain  yield  per  plant. 

Test  weight  showed  positive  direct  effect  of  -0.043  on  grain  yield  per  plant.  However,  it  showed  positive  indirect 
effect  via  panicle  weight  (0.076),  spikelet  fertility  (0.020)  and  negative  indirect  effect  via  panicle  length  (-0.019)  and 
harvest  index  (-0.016)  on  grain  yield  per  plant.  Biomass  yield  exhibited  strong  positive  direct  effect  of  0.566  on  grain  yield 
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per  plant.  Indirect  effect  via  number  of  productive  tillers  (0.144)  and  panicle  weight  (0.090)  was  positive  and  countered  the 
negative  indirect  effect  via  panicle  length  (-0.031)  and  total  number  of  tillers  (-0.031)  resulting  in  strong  positive 
phenotypic  correlation  (0.787)  with  the  yield  per  plant.  It  indicates  that  biomass  yield  may  be  used  as  reliable  criteria  for 
improving  yield  per  plant  (table  2). 

Harvest  index  showed  strong  positive  direct  effect  of  0.320  on  grain  yield  per  plant  (Bagali  et  al.,  1999;  Girish, 
2006;  Vekataraman  and  Shailaja,  2000).  Indirect  effect  via  panicle  weight  (0.007),  panicle  length  (0.004),  and  productive 
tiller  number  (0.004)  is  positive  and  countered  the  negative  indirect  effect  via  spikelet  fertility  (-0.002)  and  number  of 
spikelets  per  panicle  (-0.003)  resulting  in  strong  positive  association  with  yield  (0.304).  It  indicates  that  harvest  index  may 
be  used  as  reliable  criteria  for  improving  yield  per  plant  (table  2). 

Number  of  spikelets  per  panicle  showed  positive  direct  effect  of  0.063  on  grain  yield  per  plant.  However,  it 
showed  strong  positive  indirect  effect  via  biomass  yield  (0.181),  panicle  weight  (0.090),  and  negative  indirect  effect  via 
panicle  length  (-0.018)  and  harvest  index  (-0.014)  on  grain  yield  per  plant.  Leaf  rolling  showed  null  direct  effect  of  0.00  on 
grain  yield  per  plant.  However,  it  showed  positive  indirect  effect  via  tiller  number  (0.008),  harvest  index  (0.025),  and 
negative  indirect  effect  via  biomass  yield  (-0.149)  on  grain  yield  per  plant.  This  clearly  indicates  that  leaf  rolling  is  not 
have  any  direct  effect  on  yield. 

Panicle  exsertion  showed  negative  direct  effect  of  -0.004  on  grain  yield  per  plant.  However,  it  showed  strong 
positive  indirect  effect  via  biomass  yield  (0.130),  panicle  weight  (0.044)  and  negative  indirect  effect  via  harvest  index 
(-0.016)  on  grain  yield  per  plant. 

Spikelet  fertility  showed  positive  direct  effect  of  0.053  on  grain  yield  per  plant.  Indirect  effect  via  panicle  weight 
(0.113)  and  100  seed  weight  (0.016)  was  positive  and  countered  the  negative  indirect  effect  via  panicle  length  (-0.012)  and 
total  number  of  tillers  (-0.005)  resulting  in  its  strong  and  significant  association  with  yield  (0.315).  This  indicates  that, 
spikelet  fertility  may  be  used  as  reliable  criteria  for  improving  yield  per  plant  under  drought  stress.  Since  most  of  the 
drought  related  traits  are  exhibiting  high  indirect  effect  than  direct  effect  on  yield,  indicates  that  these  would  not  be 
contributed  to  yield  directly.  However,  association  study  suggests  these  traits  can  be  used  along  with  yield  contributing 
traits  as  reliable  criteria  for  selecting  high  yielding  drought  resistance  genotypes  under  stress  (table  2). 

CONCLUSIONS 

The  results  suggest  that  the  principle  characters  responsible  for  yield  in  this  F2  population  are  biomass  yield, 
harvest  index,  total  tiller  number,  productive  tillers  per  plant,  panicle  weight  and  panicle  length  and  important  drought 
related  traits  are  leaf  rolling,  panicle  exsertion  and  spikelet  fertility.  Hence  simultaneous  selection  on  these  traits  will  help 
to  improve  yield  under  drought  condition  in  segregating  generation. 
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APPENDICES 

Table  1:  List  of  Observations  Made  on  F2  Population  of  Moroberekan/IR64  Rice  Cross  and  Their  Abbreviations 

and  Standard  Units  Used  in  the  Current  Study 


1 

PHT 

Plant  height 

Cm 

2 

LW 

Leaf  width 

Mm 

3 

DF 

Days  to  Flowering 

Days 

4 

DM 

Days  to  maturity 

Days 

5 

TN 

Total  tiller  number/plant 

Number 

6 

PTN 

Productive  tillers/plant 

Number 

7 

CA 

Culm  Angle/  Plant  type 

Degree 

8 

PW 

Panicle  weight 

G 

9 

PL 

Panicle  length 

Cm 

10 

HI 

Harvest  index 

Ratio 

11 

TW 

Test  weight 

G 

12 

NOS 

Number  of  spikelets/panicle 

Number 

13 

BY 

Biomass  yield 

G 

14 

YLD 

Grain  weight/plant 

G 

15 

PEN 

Panicle  exsertion 

± 

16 

LR 

Leaf  rolling  score 

Score 

17 

SF 

Spikelet  fertility 

% 

18 

PV 

Plant  vigor 

% 

Table  2:  Phenotypic  Correlation  Coefficients  among  Seventeen  Morphological,  Yield  and  Drought  Related  Traits  in 
F2  Population  of  Moroberekan/IR64  Rice  Cross  Evaluated  Under  Aerobic  Condition  During  Dry  Season  2012. 


LW 

PHT 

PV 

DF 

DM 

TN 

PTN 

PW 

PL 

SW 

NOS 

SF 

BY 

HI 

CA 

YLD 

LR 

0.11 

0.02 

0.04 

0.15* 

0.11 

0.19** 

0.24** 

-0.05 

0.02 

-0.05 

-0.04 

-0.09 

-0.26** 

0.07 

0.01 

-0.19** 

LW 

1 

0.16* 

0.21** 

-0.15* 

-0.11 

0.05 

0.12 

0.29* 

0.13* 

0.259* 

0.17** 

0.11 

0.25** 

0.06 

0.02 

0.23** 

PHT 

1 

0.23** 

-0.08 

-0.07 

-0.06 

0.11 

0.51** 

0.58** 

0.39** 

0.25** 

0.23** 

0.42** 

0.08 

0.12 

0.38** 

PV 

1 

0.26** 

0.24** 

-0.15* 

-0.08 

0.03 

0.15* 

0.03 

-0.13* 

0.12 

-0.07 

0.05 

0.14* 

-0.02 

DF 

1 

0.88** 

-0.09 

0.25** 

-0.11 

-0.09 

0.21** 

0.14* 

-0.28** 

0.06 

0.04 

0.16* 

-0.07 

DM 

1 

0.01 

-0.16* 

-0.12 

-0.06 

0.21** 

0.13* 

-0.29** 

-0.02 

0.05 

-0.1 

-0.04 

TN 

1 

0.75** 

0.02 

0.042 

-0.08 

0.13* 

0.11 

0.58** 

-0.03 

0.19** 

0.45** 

PTN 

1 

0.23** 

0.18** 

0.08 

0.15* 

0.23** 

0.65** 

0.01 

0.17** 

0.62** 

PW 

1 

0.55** 

0.36** 

0.43** 

0.54** 

0.42** 

0.03 

0.00 

0.56** 

PL 

1 

0.25** 

0.22* 

0.15* 

0.39** 

0.04 

0.03 

0.34** 

sw 

1 

-0.03 

0.37** 

0.19** 

0.04 

0.03 

0.24** 

NOS 

1 

0.01 

0.32** 

0.04 

0.07 

0.34** 

SF 

1 

0.18** 

-0.03 

-0.02 

0.31** 

BY 

1 

-0.04 

0.21** 

0.78** 

HI 

1 

-0.07 

0.30** 

CA 

1 

0.10 

significant  at  0.05  and  0.01  level. 


Table  3:  Direct  and  Indirect  Effects  of  Morphological,  Yield  and  Drought 
Related  Traits  on  Yield  in  F2  Population  of  Moroberekan/IR64  Rice  Cross 


PHT 

LW 

LR 

TN 

PTN 

PW 

PL 

PEN 

TW 

SF 

BY 

HI 

NOS 

r 

PHT 

0.044 

0.000 

0.000 

0.003 

0.026 

0.108 

-0.046 

-0.002 

0.016 

0.012 

0.236 

-0.028 

0.016 

0.386** 

LW 

0.007 

0.000 

0.000 

-0.002 

0.025 

0.062 

-0.010 

0.000 

0.011 

0.006 

0.143 

-0.021 

0.011 

0.231** 

LR 

0.001 

0.000 

0.000 

0.008 

-0.053 

-0.010 

-0.002 

0.001 

-0.002 

-0.005 

-0.149 

0.025 

-0.003 

-0.189** 

TN 

-0.003 

0.000 

0.000 

-0.042 

0.164 

0.005 

-0.003 

0.000 

-0.003 

0.006 

0.333 

-0.011 

0.008 

0.452** 

PTN 

0.005 

0.000 

0.000 

-0.032 

0.219 

0.047 

-0.014 

-0.001 

0.003 

0.012 

0.373 

0.005 

0.009 

0.628** 

PW 

0.023 

0.000 

0.000 

-0.001 

0.050 

0.210 

-0.043 

-0.001 

0.015 

0.028 

0.243 

0.011 

0.027 

0.561** 

PL 

0.026 

0.000 

0.000 

-0.002 

0.040 

0.116 

-0.078 

-0.001 

0.011 

0.008 

0.223 

-0.015 

0.014 

0.341** 

PEN 

0.019 

0.000 

0.000 

-0.002 

0.036 

0.044 

-0.014 

-0.004 

0.011 

0.019 

0.130 

-0.016 

0.002 

0.225** 

TW 

0.017 

0.000 

0.000 

0.003 

0.018 

0.076 

-0.019 

-0.001 

0.043 

0.020 

0.108 

-0.016 

-0.002 

0.246** 

SF 

0.010 

0.000 

0.000 

-0.005 

0.050 

0.113 

-0.012 

-0.001 

0.016 

0.053 

0.101 

-0.010 

0.001 

0.315** 

BY 

0.018 

0.000 

0.000 

-0.025 

0.144 

0.090 

-0.031 

-0.001 

0.008 

0.009 

0.566 

-0.012 

0.020 

0.787** 

HI 

-0.004 

0.000 

0.000 

0.001 

0.004 

0.007 

0.004 

0.000 

-0.002 

-0.002 

-0.022 

0.320 

-0.003 

0.304** 

NOS 

0.011 

0.000 

0.000 

-0.005 

0.032 

0.090 

-0.018 

0.000 

-0.001 

0.001 

0.181 

-0.014 

0.063 

0.341** 

Residual  effect  (R)  =  0.427606 
Impact  Factor  (JCC):  4.3594 


Index  Copernicus  Value  (ICV):  3.0 


